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CORNELL UNIVERSITY AND HER TECHNICAL 
| DEPARTMENTS. 


SOME years ago we gave some account of the organization of 
Cornell University, the ‘‘land grant college ” of the State of New 
York, and the seat of those colleges of agriculture and the me- 
chanic arts the support of which is the prescribed ‘* leading ob- 
ject” of its foundation and maintenance, while it is still permitted 
and expected to offer suitable courses of liberal and academic 
education. Since the date of that article (Science, x. 158, Sept. 
30, 1887), great progress has been made in all its departments, 
and especially in those in which we are particularly interested; 
and we take advantage of an opportunity which presents itself at 
the moment to exhibit something of this progress and the present 
condition of the technical school having most interest to our 
readers. 

Five years ago there were about six hundred students in the 
University, of whom perhaps a third were engaged in technical 
studies, while the schools of useful arts were very slowly growing 
into form. With the increase of the income of the University 
due to the final harvesting of those financial returns coming of 
the earlier seeding and care of Cornell and his eminent successors 
on the board of trustees, and the generosity of Cornell, McGraw, 
H. W. Sage, Hiram Sibley, A. D. White, and other equally zeal- 
ous if less able friends, an extraordinary growth began, and has 
continued uninterruptedly up to the present time; and we now 
propose to show what has thus far been effected. The reputation 
_ of the University is to-day so far assured that the requirements 
and the charges for tuition have been purposely made a bar to 
further growth, except at a moderate rate, the trustees evidently 
desiring quality rather than quantity; while their funds are now 
taxed to the utmost to afford those new buildings, and to secure 


those additions to the equipment, which are necessitated by such 


rapid progress. The University registered, in 1889-90, 1300 stu- 
dents, of whom about one-half were engaged in technical studies; 
and of. the others, the largest body were taking the course in 
arts, the most thoroughly classical of, the many courses offered. 
Of these, also, some go, later, into technical work; and it is be- 
coming very common, and more and more so, for young men 
proposing to go into the engineering professions especially, to first 
secure a liberal education. They find the advantage, both in col- 
lege and later, to more than compensate the time thus demanded 
in addition to that required for the technical course alone. Such 
students often take their electives, in the senior and junior years, 
largely in mathematics and the sciences, and thus practically lose 
often but two years in attempting the double course. 

The changes with which we are now concerned affect mainly 
the technical end of the campus; for the growth, though large in 
other departments, has been so much more in these lines of work 
that the construction marking material changes has mainly oc- 
curred there. It is now, however, expected that the law-school 
and the academic departments must soon illustrate in turn this 
' extension of the growth of Cornell. The agricultural department 
is waiting for a patron to give it a new building and enlarged 
equipment, but it is not yet ready to fill much more space with 
its students. | 

A bird? aoa wow of the campus from the north- west, over 


sprinkled with buildings, including the dozen or fifteen great 


| buildings of the University proper, and the twenty-five 6r thirty 


houses of the professors residing on the grounds. The main 
buildings are principally at the north extremity of the campus, and 
the technical departments are housed at the extreme north, on 
the edge of the Fall Creek gorge, from which are derived water- 
supply and water-power. Here a great brown-stone building, 
Lincoln Hall, is appropriated to the College of Civil Engineering 
and its allied School of Architecture. The three main buildings, 
Morrill, McGraw, and White Halls, are opposite, forming the 
main front of the University, toward the city of Ithaca lying in 
the beautiful valley, at the head of the lake four hundred feet 
below, and less than a mile away. The great library building 
given by Mr. Sage to the University as a memorial to Jennie 
McGraw Fiske, ‘‘ whose purpose shall not fail,” terminates this 
grand line of great edifices, It will be one of the most conven- 
ient, as well as largest and most beautiful, buildings for the 
purpose yet built in any land. Its capacity is for nearly half a 
million volumes, with ready extension to a million. Between 
$15,000 and $18,000 will be annually appropriated for additions to 
the catalogue, and it is expected that it will not only comprise the 
best of general literature, but will offer the grandest facilities for 
technical study to be found outside the Patent Office library, if 


. not even superior, in time, to that. 


The principal changes of the year have been bie completion of 
a very large chemical laboratory (with accommodations for what 
have been of late years the largest entering and undergraduate 
classes in the United States, introductory laboratories, lecture- 
rooms, analytical laboratories, assay-rooms, and special laborato- 


' ties for advanced work, both in instruction and research); the 
reconstruction and re-arrangement of the physical laboratories, 


now filling the great brown-stone building called Franklin Hall; 
and the extensions of Sibley College. We hope at some future 
time to be able to give full descriptions of these special laborato- 
ries, and will now only remark that they are working the largest 
classes in their several departments ever yet collected in engineer- 
ing courses, and probably better illustrate what can be done by 
system and skill in administration, with crowded classes, than 
any thing else in the University. We must confine ourselves at 
the moment to the last of this series of changes. 

The outline-plans seen in the illustrations represent the working 
parts of the College of Mechanical Engineering and the Mechanic 
Arts as now arranged for a maximum of six hundred students; 
the number working during the last year being about four hun- 
dred, of whom a very considerable number were graduates of the 
academic courses of this and other universities, or of technical 
courses in this and other colleges and technical schools, and in- 
cluding a number of professors of distinction engaged in depart- 
ments of mechanical engineering elsewhere, who were engaged in 
the study and practice of laboratory methods as appuee in engi- 
neering. | 

The main building, Fig. 1, is shown in heavier line than the 
shops and laboratories which are adjacent, The work in chemis- 
try and in physics is given in the great laboratories of the Uni- 
versity, as is all work in pure mathematics and in languages, thus 
leaving the professional work only to be done in the Colleges of 
Engineering. The ground-floor sketch shows the main building, 
165 feet by 45, with its museums, library, and reading-room, in 
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which the oricne apeaey is apt and all its technical periodicals 
—a hundred of them — filed. In the court is the boiler-house 


with its 600 horse-power of water-tube boilers, selected for safety — 


and compactness; at the left, the dynamo-room with its driving 
engines; beyond, the machine-shop, 165 feet by 40, and its office, 
toilet-rooms, and lockers (of the latter some 500, including those 
at the foundry and forge across the road). The latter building 


is 150 feet by 40, and, though a frame building, one of the. 


neatest buildings on the campus. Between this building and the 
main building of Sibley College, and east of the latter, is the large 


building, 150 by 40, devoted to the work of the Department of Ex- 


perimental Engineering,—the mechanical laboratory,—in which 


pidley College Buildings. 
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FIG, 1. 


are placed all the testing-machines for metal and aintetials of all 
sorts, from 10,000 to 100,000 pounds capacity; a number of lubri- 
cant testing-machines; and also a considerable amount of miscel- 
laneous apparatus of research in engineering. The boiler-test 
department is fitted up in the main boiler-house; and the several 
engines are placed adjacent, both the half-dozen devoted to ex- 
perimental use and those employed for driving the dynamos used 


for electric lighting. The plans of the second floor, Fig. 2, exhibit. 


the extent of the wood-working shops, 165 by 40; theZupper part 
of the laboratory building, in which the problewis of design and 
of the laboratory are worked out; and the arrangement of the 
main building; in the latter the offices and lecture-room of the 


2d floor. 
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director, and the lecture-room of the professor of electrical engi- 
neering. The professor of mechanic arts, the professor of machine 
construction, and the professor of experimental engineering share 
the other lecture-rooms shown in this and the other plans; while 
the officer detailed from the United States Naval Engineer Corps 


to give instruction especially in steam and naval engineering finds 


accommodations in the laboratory building. | 

These plans are not, however, precisely accurate in their appor- 
tionment of apparatus. The Department of Electrical Engineer- 
ing and that of physics have become so large, and their stock of 
apparatus so extensive, that it is probable that the coming college 
year may see all their larger machinery transferred to the dynamo- 
room, and even overflow into the west end of the machine-shop 
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” floor, which is, however, only a provisional arrangement of the 
professors of physics and of electrical engineering, and subject to 
amendment as the exigencies of the case may require. The 
crowd of small dynamos for individual instruction, of which 
there are a half-dozen each, for example, of the Edison and the 
Westinghouse, and a number of others of the better known types, 


- will be used in the physical building. Other dynamos and other 


engines are continually. commg in, and it is thought to be but a. 
matter of very short time before it will be found imperatively 
necessary to put up a great engineering laboratory, in which to 
group every thing demanding power and steady speed, as well as 
all the apparatus of the Sibley College proper. It is presumed 
that, when built, it will bear the name of the ‘coming unknown,” 
who will thus at once do a great work and build himself a perma- 
nent monument. 

Space will. not permit the description of the improved and 


- numerous courses of instruction open to technical students at 


Cornell to-day. They include purely professional courses in 
agriculture and in engineering, courses in chemistry and physics, 
in all the natural sciences, and in mathematics, pure and applied, 
and undergraduate and advanced, in every line in which the 
ambitious student may desire to excel. For those entering the 
professions, the courses in. patent law and in political and social 
economy, in ethics and in history, are well adapted, and are found 
fittingly to supplement the work in the engineering and other 
technical courses. Many students are taking advanced work in 
technical departments, and at the same time such outside work as. 
their plans may seem best to warrant. All students in regular 
mechanical engineering are given instruction in electricity; and, 

for those who desire it, work is specialized, in the senior and post- 
graduate years, for ‘students in electrical: engineering, as in 
steam, marine, and other lines of engineering; and in professional 
work having relation thereto. Of all this, the interested student 
may learn by applying to the President of the University; to the 
Director of Sibley College, and to the heads of the other great 
departments, in either of which he may desire to work. 


THE TIME-RELATIONS OF MENTAL PHENOMENA. 


{Continued from p. 117.] 


HAVING thus considered the time-relations of a simple re- 
action, we may proceed, on the line of analysis there laid 
down, to the consideration of the more complex forms of 
re-action. | 


Adaptive Re-actions. 


It has been noted that the prominent characteristic 
of a useful re-action is the adaptation of the response 
to the exeitation by which it was called out. This 
adaptation involves a recognition of the stimulus, and 
its association with the movement in question. In this 
recognition we found it convenient to distinguish between 
the recognition of the presence and that of the nature of the 
stimulus; but it may be questioned whether we can recognize 
the presence extept by noting some point of the nature of 


the stimulus, and whether the noting of this pomt does not 


involve its distinction from others. If, in re-acting to a 
sound, I recognize that it is the stimulus to which I am to 
re-act, and press the key, does this mean that I know that 
the stimulus-is not a visual or a tactile one, that it is not a 
higher or a lower, a louder or a feebler, sound? Here, as 
still more in the analysis to follow, our experimental basis 
is defective. Experiment has naturally followed the lines 
of convenience and ready analysis; and as there has been 
little harmony in these analyses, and as the one here adopted 
differs somewhat from those adopted by other writers, it will 


‘be difficult to maintain the parallelism between theoretical 
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discussion and the obtained results. If we understand by 
the simple re-action the mere signalling that a definite, pre- 
designated, and expected stimulus is present, and by an 
‘‘adaptive” re-action one in which the mode of response 
depends upon and varies with the nature of the stimulus, we 
may distinguish the following stages of connection between 
the two:— 
J. A single stimulus with a single mode of re-action. 
II. Several stimuli with a single mode of re-action. 
(a) The subject foreknows the stimulus. 
(b) The subject does not foreknow the stimulus, 
Ill. A single stimulus with several modes of re-action. . 
IV. Several stimuli with several modes of re-action. 
(a) The subject foreknows the stimulus and also the 
re-action. 


(b) The subject foreknows the re- action, but not the 
stimulus. J 


j 
- RE- 
ACTIONS. 


(c) The subject foreknows neither stimulus 


: ADAPTIVE RE-ACTION. 
nor re-action. ; 


Or, more simply, if the re-action is foreknown, the pro- 
cess Is a simple re-action; if not, it is an adaptive re-action. 
In addition, in the simple re-action the foreknowledge of the 
stimulus may be entirely definite, the stimulus always being 
_ the same, or there may be a known range of variation or an 
unknown range of variation; while in the adaptive re-action 
the possibilities are limited to the latter two. | 

I. has been fully considered. In IT. (a) we have a num- 
ber of ditferent simple re-actions; but, instead of investigat- 
ing them in separate series, we have different kinds in one 
series: e.g., a sound, a light, or a touch may appear, it being 
announced to the subject which it is to be; and he in each 
case re-acts -by pressing the key. The impressions may be 
more homogeneous, as a series of colors; but in all cases the 
subject need not appreciate the nature of the stimulus, but 
simply that a stimulus has appeared. In II. (6) the subject 
knows the possible stimuli, but does not know which is to 
come next; otherwise the conditions are precisely the same 
as above. Wundt’s experiment with the irregular change 
between two intensities of sound would belong here, and 
would indicate that this is an essential factor. In III. the 
several modes of re-action are necessarily known in advance. 
- Instead of testing the different forms of re-actions in separate 
series, we have several in one series. For example: we re. 
act to a sound now with the thumb, then with the forefinger, 


the subject always knowing in advance what heis todo. In 


IV. (a) we are combining into one series different forms of 
simple re-actions, differing both in stimulus and form of re- 
action; but the complete re-action (e.g., red color to be 
re-acted to by middle finger) is announced beforehand. In 
IV. (0) the subject is told in advance how to re-act, but not 
what the stimulus is to be. However, in both this and the 
foregoing case he need not wait to recognize the nature of 
‘the stimulus, but re-acts as soon as he detects its presence. 
All these are variations of simple re-action times. When we 
pass to IV. (c), we have a different, namely, an adaptive, 
re-action. The subject is not told any thing in advance ex- 
cept the association upon which he is to re-act: e.g., if a blue 
light, with the right hand; if a red light, with the left hand; 
and so on. The essential difference here is that the subject 
must first distinguish a certain feature of the nature of the 
stimulus, in this case the color; then call up the appropriate 
movement and perform it. A re-action of this kind, there- 
fore, involves a definite distinction of stimuli, and a choice of 
movements, 3 
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Distinction and Choice. 


The mental processes involved in an adaptive re-action, 
in addition to those involved in the simple reaction, 
are thus a more specific recognition of the stimulus, 
and a choice between movements. By maintaining all 
other factors alike, the difference of time: of the two 
modes of re-action measures the combined time of distinction © 
and choice. The first determinations of this nature were 
made by Donders and his pupils (1865-68). A simple re- 


action to a light, white or red, was made in 20106 (average 


of five observers) ;* but an adaptive re-action with the right 
hand for the one light, and the left hand for the other, in 
3556,— a difference of 1546. Cattell makes a simple adap- 
tive re-action to two colors in 3400, his simple re-action time 
being 1460, or a difference of 1946 (XI.). Miinsterberg re- 
acts simply with any of the five fingers in 1410, but re-acts 


with a definite finger (according as the numbers of the fin- 
‘gers “one,” ‘‘two,” ‘‘three,” etc., are called) in 1950 longer 


(XXIV.). Accepting these as values for the combined dis- 


tinction and choice time under simple conditions, our next 


step would naturally be to determine how much of the time 
is due to distinction, how much to choice. This is a diffi- 


cult step; for we cannot readily determine that a distinction 


has been made, except by indicating it in the mode of re- 
action, and we cannot execute a choice except upon the basis 
of some distinction. The most usual experiment by which 
it has been attempted to overcome this difficulty consists in 
re-acting to only a designated one of a group of stimuli, allow- 
ing all others to pass without re-action. To take a simple 
case, let red and blue be the possible stimuli: if red appears, 
re-act; if blue, do nothing. While this form of experiment 
is interesting and useful, the inferences from it are not as 
clear as could be wished. It may be termed the ‘‘ incomplete 
adaptive re-action,” or briefly the ‘‘ incomplete re-action.” 
It involves a distinction of the stimulus to be re-acted to, 
from those not to be re-acted to, and a choice between 
motion and refraining from action. It seems probable that 
these processes are respectively easier than a distinction that 
cannot be anticipated and a choice between two movements; 
but it seems equally probable that the extent of these differ- 
ences will vary considerably under different circumstances. 
If the simple re-action is of the quick, motor form, and the | 
incomplete re-action involves an additional distinction of 
the stimulus, as well as the choice between motion and rest, 
the additional time above the simple re-action would be long, 
and the difference between it and the adaptive re-action 
short. This is evidently the case with Cattell and Berger, 
who, with a simple re action of 1466 and 1500, perform the 


-incomplete re-action in 3066 and 9776, the adaptive in 3400 


and 2956 (IV. and XI.). On the other hand, Donders, with 
an evidently sensory mode of re-action, has a simple re- 
action of 2016, an incomplete of 2370, and an adaptive of 
2846. A second method attempts to deal with the difficulty 
by delaying the re-action until the precise nature of the 
stimulus has been appreciated, and regards the difference in 
time between this and the simple re-action as the time needed 
for the distinction of the stimulus. There is nothing but the 
subjective guaranty that the moment of re-action is coinci- 


‘dent with the process of recognition, and we have no reason 


to regard this guaranty as valid. There may be a tendency 


1 The sign ¢ indicates one one-thousandth of a second. 
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to make the distinction on the basis of the after-image, and 
thus signal the appreciation of it too soon; or, again, an 
extreme desire not to re-act before the distinction is made 
may delay re-action to an unusual length. Friederich’s 
investigations show for colors a simple re-action time of 1756, 
and a ‘‘subjective distinction” time of 2670 (XXXIX.); 


the methods for comparative purposes; and, in addition, we 


can vary the complexity of the distinction while leaving the 
choice the same (and to a more limited extent can vary the 
choice without the distinction), and thus-can in many cases 
distinguish whether an increased complexity of an adaptive 
re-action is to be referred to an increase in the difficulty of 


Table of Complex Re-action Times.1 


© 
i: af No. of 
Nature of Distinction Be- Character | Nature ea Possible 
No. tween. of Ex- of Observer. — 3 of8 Impres- Remarks. 
periment. | Re-action. ars sions. 
= 83 
mt it 
Fee eh SIN re Ee Eo oe See ee ee ee eae eT eee ee re eee cea race ee ee 
]| Black and white-on-black .. Incomplete.) Finger. Cattell. 241, 146 2 Re-act to white-on-black. 
II, White and‘a particular color. = ia a 249. 146 2 Re-act to color, varied 
amongst ten. 
III| White and a color Naeeueawen as ed 264: 146 2 Re-act to color, but need not 
| distinguish same. 
IV Red:blue or green:yellow.. as cbs * 306) 146 2 Re-act to predesignated color 
V Colore:...c00k. 205esk snus a aiielets 66 6 313) 146 10. 66 xs Pv ‘“ 
vi Roman capital letters........ as “s us 396) 146 26. “ sot letter 
VIil|Short English words. Sveeece nc 6 ey ee 360; 146 26 “o 6 word (printed). 
VITE Long - 88°. SY hae’ oe as  & so 375! 146 26 < ee A = 
1x Short German OF et he 3 : 66 6 367 146 96 6s “6 66 a6 “ct 
X!Pictures of objects...... ..... eS is s 309 146 26 ss . “ picture. 
Right & 
XI)Red:blue or green:yellow....| Adaptive. sett. “ 340 146 2 
: hand. 
XII Pairs of short English words. vs . |\Naming. “ 401; 170 2 5 sets. Average of on . 
o all. 
MIT;  & golors.........05.-- ne “ ts ss 438) 170 Q 2 ae a 
XIV te T 3 pictures ihe nie vata th ta ine 4s is (z3 437 170 Q 73 6s 66 
XV Capital Roman letters.. ae s “ ae 424; 170 26 | 
XVI; “ German letters. ...... sé a e 526, 170 26 
XVII'Short English words........ es “6 ae as 409; 170 26 
XVIII] “ German “_...... re ss $s * 439, 170 26 
MIX ICONS. bs eno eae ewe ecinwe es “6 icy 6 601) 170 10 
XX' Pictures of objects.......--.+-). a. as “6 545) 170 26 
Continu- 
XXIj Words in construction. poecass ous s&s ss 138; 170' Indefinite. |English. 
, series. 
XXIT ee Bet eho aR ate 6 ss ‘ 250) 170 oy German. 
XXIII an ey abe teeaeatae “ s ef 288, 170) -  * English, read backward 
(right to left). 
XXIV Spoken words, “one,” “two,” . 
“three,” “four, u “five”, ...|Adaptive. (5 fingers. (|Miinsterberg. | 383) 162 5 Sensory. 
XXV, a words, “lupus, " “Tupi, n 
‘lupo, n “lupum, ” “lupe” f “ec 66 6s 465 162 5 
XXVI Spoken words, 3 groups of 5 Ich meiner mir mich wir. 
grammatical forms. ..... x ee ut Bt 688) 162 5 “Du deiner dir dich ihr. 
Der des dem den die. 
XXVII “ - words, 5 categories... a as - 712 162 5 ‘* Noun, pronoun, adjective, 
number, verb. 
XXVIII, “ ons ee i ae ee 893! 162 5 * City, river, animal, plant, 
element. 
XXIX ve es a 6 i: ss 1122) 162 5 * Author, musician, natural- 
. Kries: ; ist, philosopher, statesman. 
XXX Direction of light............. Incomplete.| Finger. 209 195 Q Whether right or left spark 
| Auerbach. goes first. 
RXR COONS. esos tetes es Seieseees : 6 “6 ee 227; 209 2 
XXXII! Distance of points ....... ieee “s se se wt BB ITT): 2 Whether in front or in back © 
7 : of fixation-point. 
X XXIII) Localize touch................ “ es ee 161} 182 2 on co ae finger or back of 
: ae to. an 
XXXIV Tones of different pitch...... “ as & 177; 148 2 Re. act to higher. 
XXXV Tone and noise................ 6 ee a 176) 142 2g 
XXXVI\Strong and weak touch....... es ae ee 176: 134 2 “« “ strong. 
XXXVII)Tones of different ae desert 1 “ 902) 158 os. “  & lower. 
XXXVIII Strong and weak touch......., ©  — “ 6 919| 140 9 ‘6 6 Woak. 
Friede- 
XXXIX! White and black.:............/Subjected. x {vtch 3 Sub-| 267) 175, 2 
ects. 
XL) White, black, red, green..... 6e “oe ; de 296, 175 4 
XLI|One-place numbers .......... ae a id 318) 186 9 Read. 
XLII/Three-place “ ..... aes os s 397, 186, 900 “ 
XLIII Five-place ‘S —.......... a es ae 697; 186 Indefinite. ‘s 
. Tischer’s 
XLIV|Sounds of different intensity “ s 146 114 2 
6 subjects. 
XLV - - rs ds 7 ‘ 164) 114 3 
XLVI ee an: ce “ “6 178 114 4 
XLVIIi a be ~ a 194, 114) 5 
Merkel’s 10 | Any two of the numbers 1, 2, 
XLVIII; Visual impressions...........,Adaptive. 2-10 fingers 276 188. 2 = 4,5, and I, Il., II1., IV., 
subjects. 
XLIX) ‘“ S - g6ise crane cs ¢ *s 394; 188: 4 ** four of the Nos. 1, 2, ete. 
Ll ne enn “ “ “ 489' 188) 6 te gix ss ve 
LI EEE coin ee ehere + bad * 562. 188 8 “ eight <‘“* §§ $ 
Lit‘ nS ere ee ee ss - 588, 188: 10 The ten numbers ie 
LIII}100 words...... dieses cescatecs Continuous.|Naming. Cattell. 255) —! — 
LIV/100 letters .........ceceeuceees ss “ “6 294) — — 


1 Roman numerals in the text refer to the corresponding experiments in this table. 


while Tigerstedt, and also Tischer, find only about half this 
difference for nearly the same re- -action. It seems wisest, 
under these circumstances, not to decide the relative shares of 
the distinction and choice in the adaptive re-action, but to 
study the combined time as a whole, and the influences by 
which it is affected. We can thus utilize the results of all 


the choice or to an increase in the difficulty of the distinc- 
tion. 


It is desirable to analyze more particularly the nature of. 
the difference between the simple re-action and the ‘‘sub- 
jective,” and between the simple and the incomplete. An 
essential point relates to the mode of re-action, whether motor 
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or sensory ; nor is it necessary that the same mode of re-action 
be followed in all cases. The possibilities thus are (1) that 
both the simple and the subjective times will be sensory; (2) 
both motor; or (8) the simple sensory, and the other motor; 

or (4) the simple motor, and the other sensory: (1) This 
seems to be the mode best suited to the subjective method. 

It supposes the processes to take place serially, and the sim- 
ple time not to involve the recognition of the specific nature 
of the impression. 
on the motor plan, it can only mean that the re-action takes 
place too soon, and that the distinction is really made after 
the movement has been made. In this case the distinction 
time would be too small. (3) probably does not occur. (4) 
is apt to occur, and would yield a very long distinction time. 
That these considerations are practically important can be 
illustrated by Tischer’s results upon nine subjects with sound 
re-actions and distinctions. The average of the nine gives a 
distinction time of 1590, and a simple time of 1186. Four 
of the subjects evidently make use of the motor re-action, 
their simple time being 1070, and their subjective distinction 
1166; i.e., they anticipate the distinction. Berger and Cat- 
tell express the same difficulty, and for this reason discarded 
the method. Their simple re-action to weak light was 1980, 
with distinction of intensity 2080. Two of the subjects 
evidently re-act according to the sensory method, their sim- 
ple re-action being 1410, and the subjective distinction 2460. 

That these are not individual differences is shown by the 
fact that the adaptive re-actions are about alike in all. 
Similarly with regard to the difference between the simple 
and the incomplete re-action times. If both are sensory in 
character, we might expect that the incomplete would be 
longer by the addition of an easy distinction and choice, and 
this seems to be only aslight addition. Donders, and those of 
Tischer’s subjects who re-act by the sensory method, show a 
relatively small difference, though this is not true of Friede- 
rich’s subjects. While Tischer’s ‘‘ motor” subjects show a 
- difference of 1596 between the simple and the incomplete, 
the ‘‘sensory ” subjects show one of only 610. (2,3) If the 
incomplete re-action is motor in form, the difference between 
it and the simple re-action will be very small; moreso in (8) 
than in (2), though (3) is not likely to be used. The expec- 
tation is entirely directed to the stimulus upon which re- 
action is to follow, and the fact that other stimuli may ap- 
pear hardly enters into the experiment. Under this head it 
seems fair to classify the results of Kries and Auerbach, 
who, with clearly motor re-actions, find a difference of 30-400 
for (XXX.-XXXVI_.) a variety of incomplete re-actions. (4) 
_Itis much more likely that the change from the simple to the 
incomplete form of re-action will bring with it an attention 
to the sensory part of the process, and thus make the differ- 
ence between it and the simple time long. This seems to be 
the case with Berger and Cattell, who, with a simple re- 
action time of 1476 and 1500, have an incomplete re-action 
time of 30606 and 2770. The difference between the incom- 
plete and the adaptive re-action seems to be uniformly small 
(many of the differences being not far from 400), though 
the individual variations are considerable. It is likely that 
the effects attributed to practice and fatigue may really be 
due to a change from the sensory to the motor form of re- 
action. Thus Kries and Auerbach mention that their incom- 
plete times were at first very long, but that they became very 
small, the reduction continuing long after the effect of prac- 
tice upon the simple re-action had ceased. Again, the fact 
that simple re-action times are long when following complex 
ones, or that subjective times are longer when following 


adaptive re-actions, seems to be not so much the effect of 


fatigue as of a continuance of a sensory mode of re-action. 
It should also be mentioned that Tigerstedt ingeniously 
proposes to measure the distinction time by taking the differ- 
ence between two incomplete re-actions, in one of which we 


re-act to a definite simple impression, and in the other to the 


impression requiring distinction (é.g., in one series I re-act 
to white, but not to a color; in the other, to a color, but not 
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(2, 3) If the subjective distinction is made 


needed to make the distinction, is best shown in the ‘ 


being 1620). 
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to white); and the difference in time will be needed for 
distinguishing a color from white. The general fact re- 
mains, then, that while the combined distinction and choice | 
times exhibit only such individual and other variations as 


‘seem explicable by the differences in the conditions of ex- 


periment (the adaptive re-action times of eight of Tischer’s 
nine subjects fall between 293 and 3200), the estimates that 
have been attempted of the portions of the time due to dis- 
tinction and to choice separately, show such large variations 
as to force the conviction that the different experimenters 
were not measuring the same processes. 


Conditions Affecting Distinction and Choice. 


Bearing in mind that we are dealing with comparative re- 
sults only, —- comparisons restricted mainly to the results of 
the same observer, obtained by the same method, — we pro- 
ceed to investigate the conditions by which these processes 
involving distinction and choice are affected. It will be 
convenient to begin with the effect of (1) the number of dis- 
tinctions and of choices. The effect of the number of ob- 
jects among which distinction is to take place, upon the time 
incom- 
plete” and subjective methods, in which the range of dis- 
tinction may be varied without affecting that of choice. 
For example: Cattell makes an incomplete re-action to a 
certain color when either that or one other color may appear in 
3066, when either that or any one of nine other colors may 
appear (IV, and V.) in 8186. Friederich’s subjects make a 
subjective distinction between two colors in 2676, between four 
in 2966 (XX XIX. and XL.), Six of Tischer’s subjects make 
a subjective distinction between two sounds of different inten- 
sity in 1466 (simple re-action, 1146); between three sounds, 
in 1640; four sounds, in 1780; five sounds, in 1940 (XLIV. 
and XLVII.). Other experiments cited in the table show the 
same slight increase of distinction time with the increase of 
the range of impressions, but complicated with other factors 
as well. With regard to the effect upon the choice time 
when the number of possible choices increases, we have the 
results of Merkel, who found for the simple re-action time of 
ten subjects to visual impressions 1880; for an adaptive re- 
action between two impressions, 2766; between three, 3300; 
between four, 3940; between five, 4450; between six, 4890; 
between seven, 5260; between eight, 5620; between nine, 


-58io; and between ten, 5880 (partially cited in XLVIII- 


LI.). The impressions were the numbers 1, 2, 3, 4, 5, and I., 
II., III.,IV., and V. The re-actions to movements of the ten 
fingers naturally associated with these impressions, and the 
naturalness of this association doubtlessly contributes to the 
small increase in time. Mlinsterberg called these numbers 


_ and re-acted in the same way, finding for a choice between 


five movements 3830, and between ten 4786 (simple re-action 
It being established that but a small share of 
the increase is due to the distinction (Merkel has experimen- 
tally shown this for his subjects), we may conelude, that, 
with an increase in number, the difficulty of choice increases 
more rapidly than the difficulty of distinction. In addition, 
we have reason to believe that the increase would be still 
more marked in case the association between impression and 
motion is artificial. When this association reaches the 
maximum of naturalness, in naming objects, the increase 
with the number of impressions is slight. Thus it may be 
calculated from Cattell’s results that it takes him but about 
10¢ longer to name 26 letters or short words than to name 


- variations. 
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one of two, but 600 longer to name one of 26 than one of 
two pictures, and 1630 longer to name one of ten than one 
of two colors; the action of naming being more closely re- 
lated to letters and words than to pictures and colors. 

Itis the ability to deal promptly and correctly with a large 
and varying number of irhpressions, disposing of each in its 
appropriate way, that we recognize as evidence of mental 
power, and it is this that experiment shows to be a factor 
of great influence upon the time of an adaptive re-action. 
It is the skill in disposing of so large a number of adaptive 
re-actions that we admire in the post-office clerk, and in many 
other exhibitions of manual dexterity. Itis this that necessi- 
tates the division of labor, there being a limit to the number 
of adaptive re-actions that can be economically controlled. 
Again: the fact that a large number of distinctions does not 
complicate the process as much asa large number of choices, 
finds its analogue in the observation that our power of re- 
production falls below our powers of appreciation. This 
plays a part in the fact that we learn to understand a lan- 
guage long before we learn to speak it, and in many similar 
‘processes. The development of mental power reveals itself 
as an increasing facility in performing a large number of 


complicated adaptive re-actions; and here, too, the power 


of appreciating distinctions develops earlier than the power of 
choosing. This result was illustrated experimentally in a 
brief study of the re-action times of a ten-year-old child as 
compared with those of an adult. While the pure distinc- 
tion time rose from 580 to 2500 as the impressions to be 
distinguished increased from two to five (subjective method, 
with colors), as compared with 440 and 78o for adults, for 
the adaptive re-action for two impressions the time was 1200, 


for five impressions 6086, as compared with 796 and 2100. 


for adults. 

We may conveniently introduce the general topic of the 
effect of the nature of the distinction and the choice upon 
the time of its performance with the consideration of a few 
points affecting the distinction alone. (2) The similarity of 
the impressions. The endowment of the various sense-or- 
gans varies considerably (e.g., the sense of musical pitch is 
finer than that of sound intensity); but, in the absence of a 
standard of comparison of sense-differences in disparate types 
of sensation, we can only illustrate the point in question by 
varying the difficulty of distinction. within the same sense. 
Thus Kries and Auerbach find that it takes much longer to 
tell whether a sound is to the right or to the left, according 
as the two points at which the sound is produced are closer 


together when they form an angle of 35°-120° with the cen-’ 


tre of the face. The additional time (by the incomplete 
method) was 176; when varied between 35° and 26°, the 
time was 786; when within 26° and 11°, it was 1870. The 
ease of distinction is largely a function of practice. We 
readily seize the slight optical differences furnished by the 
different letters of a known language, but constantly con- 
fuse much greater sense-differences with which we are less 
familiar. (3) The specific nature of the impression. Very 


many of the results cited in the table may be said to illus- 


trate the effect of a change in the nature of the distinction; 
but it is difficult to show this, uncomplicated with other 
The determinations of Kries and Auerbach 
(XXX.—XX XVIII.) show the result of. distinctions of vari- 
ous kinds, though an analysis of the causes of these differ- 
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ences is hardly practicable. It is quite clear that in re-act- 


ing by the incomplete method the re-action is shorter when 


the stimulus is the stronger of two intensities than when it 
is the weaker of the two (XXXVI. and XXXVIII.). Berger 
has also shown that the intensity of the stimulus has some 
influence upon the distinction time beyond what would be 
due to the effect upon the simple re-action time therein con- 
tained. The difference between the corresponding simple 
and the incomplete re-action to a bright light is 850; to a 
medium light, 1190; to a weak light, 1140; while similar 
differences for adaptive re-actions are 1670, 1790, 1920; the 
inference being that the intensity of the stimulus affects the 
distinction rather than the choice:. Again (in the series 
VI.-X.), we find that Cattell recognized most quickly that 


an expected one of 26 pictures was present, then that one of 


26 letters, next one of 26 short English words, next one of 
26 short German words. The differences between the time 
for recognizing letters and short words is very slight com- 
pared to the increase in complexity of the impression, and 
thus shows the effect of practice in recognizing words as a 
whole. Furthermore, in the series of experiments (partly 


cited in XLI.—XLIII.) in which one to six place numbers 


were recognized, while there is a concomitant increase in the 
number of possible impressions, it seems fair to refer*the 
main increase in time to the increasing complexity of the 
impression. In passing from the recognition of one to two 
or of two to three place numbers, the increase in time is 


slight; but from there on, the increase itself increases with 


the increase of the number of numerals (530, 1470, 3220),— 
a fact probably related to the practice in grasping numbers 
in groups of threes. Another series (XXIV.-XXIX.) may 
be mentioned here, and is interesting as indicating that it is 
more difficult to tell to which of five categories (a city, a 
river, etc.) a word belongs than what part of speech it is; 
and this is in turn easier than to tell the sphere of activity 
of a noted man. It should be noted that the choice, the 
range of impressions, the connection between impression 
and movement, the method of re-action, are equivalent in all 
three experiments; so that the difference is fairly referable - 
to the distinction process involved. We may finally notice 
as here pertinent the observations of Vintschgau upon the 
distinguishability of different tastes.. He found that by the 
incomplete method it took longest to re-act to bitter when 
the alternative was distilled water, next long to sweet, next 
to sour, and shortest to salt. Similarly, in adaptive re-ac- 
tions with the two hands to all possible combinations of two 
of the four tastes, salt was most quickly re-acted (8840), sour 
next (3970), sweet next (409), and bitter last (456¢). 

(4) The Foreknowledge of the Subject. Within the re- 
striction that the foreknowledge of the subject shall be 
limited to the knowledge of.the associative bond between 
stimulus and movement, there is room for variation. The 
simplest case would present but one stimulus re-acted to, 
and but one not re-acted to, or, in the adaptive re-action, but 
one stimulus for each mode of re-action. In all such cases 
(1., U1., 1V., X1., XXXVITI., may be cited as instances) 
the foreknowledge of the subject presents the maximum of 
definiteness. Any departure from these conditions brings 
with it an increase in the time of re-action. Cattell finds 
but a very slight increase (5-70) in the incomplete re-action 
when the stimulus not re-acted to, instead of being but a 


SEPTEMBER 12, 1890. | 


single one, is any one of ten colors, but finds a greater in- 
crease (150, difference of II. and III.) when the stimulus 
re-acted to, instead of being a single one, is one of ten 
colors, though the particular kind of color need not be recog- 
nized. Both the stimulus re-acted to and the one not re- 
acted to might be one of a larger or smaller, a more or less 
homogeneous group; but I am unable to find a record of 
-such an experiment. The somewhat modified form of ex- 
periment adopted by Tigerstedt and Bergrist shows a similar 
result. They re-acted to a light, when either the light or a 
one to three place number might appear, in 2970, and to the 
number (including its recognition) in 8186. If the number 
of digits of the numbers that may appear is foreknown, the 


time is considerably reduced; and when either the light or a 


foreknown letter might appear, the time for recognizing the 
light was still further shortened (1900), 
variations could be applied to adaptive re-actions (i.e., one 
or more, or all, of the modes of re-action might be associated 
with any member of a variable group of stimuli), but experi- 
ments designed to show the effect of such variations are 
lacking. Mention should be made, however, of the experi- 
ments of Miinsterberg, in which he first re-acts with the five 
fingers to five categories, each limited to one term (XXIV. 
and XXV.); then to five categories, each comprising three 
terms (XXV1.); 
prising a practically indefinite number of terms (XXVILI, 
XXVIII., XXIX.); and finds an increase of time in making 
these steps, not only in the sensory mode of re-action (as 
cited in the table), but in the motor as well (as will be no- 
— ticed below). Although other factors contribute to this in- 
crease in time, part of it may be referred to the decreasing 
definiteness of the foreknowledge of the subject. It may be 
added, that. the mechanism by which an ‘increase in the 
number of possible re-actions increases the re-action time 
is allied to that by which a decrease in the foreknowledge of 


the subject does so. 
{Continued on p. 148.] 


NOTES AND NEWS. 


A PROCESS of manufacture of filtering material is described by 


the Engineering and Mining Journal as consisting essentially in 
reducing ferric oxide by heating it in contact with gaseous fuel. 
Small pieces of iron ore, preferably hematite, are packed into a 
- retort heated externally, preferably by producer gas. When the 
charge is at a cherry-red heat, gaseous fuel is admitted into the 
retort and brought into thorough contact with the ore. At the 
end of four or five hours, if the exit gas be inflammable, the pro- 
cess is finished, and the charge raked out and allowed to cool. 
Ordinary coal-gas or other gaseous fuel may be used instead of 
producer.gas. The magnetic oxide so produced is available for 
filtering water, sewage, sugar sirups, alcoholic liquors, etc. 

— The fourth annual session of the Iowa Academy of Sciences 
~was held Sept. 4 and 5, at Des Moines, fo., in the High School 
Building, Science Rooms, corner of Fifteenth and Centre Streets. 
The following is a list of the papers read: ‘‘The Gall-Pro- 
ducing Cynipidze of Iowa,” by C. P. Gillette; ‘‘Evolution of 
Strophostylus,” by Charles R. Keyes; ‘‘ Two Quaternary Sections 
near Des Moines,” by R. Ellsworth Call; ‘‘ Abnormal Pelage in 
‘Lepus Sylvaticus,” and ‘* Additions to Catalogue of lowa Hemip- 
tera,” by Herbert Osborn; ‘Further Notes on the Geology of 
North-western Iowa,”-and ‘‘ Exhibition of Volcanic Ashes from 
Omaha, Neb.,” by J. E. Todd; ‘“Varieties and Structure of Oolite,” 
‘by E. H. Barbour; ‘‘The Woody Plants of Western Wisconsin, a 
Contribution to the Local Flora of La Crosse, Wis.,” by L. H. 
Pammel; ‘‘On a Quaternary Section Kight Miles South-east of 
Des Moines,” by R. Ellsworth Call and Charles R. Keyes; annual 
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and then to five categories, each com-- 
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address, by President F. M. Witter, Muscatine; ‘‘ A New Cecido- 
mid Infesting Box-Elder,” by C. P. Gillette; ‘‘ Age of the Iowa City 
Sandstones,” and ‘‘ Notes on the Red Rock Sandstone,” by Charles 
R. Keyes; ‘‘ Preliminary Notes on Fishes of Polk County and Cen-. 
tral lowa (exhibition of specimens), by R: Ellsworth Call; ‘‘ Notes 
on the Life-Histories of Certain Hemiptera,’”? by Herbert Osborn; 
‘‘The Shore-Lines of Ancient Glacial Lakes,” by J. E. Todd; 
‘¢Some Parasitic Diseases of Iowa Forage-Plants,” by L. H. Pam-. 
mel; ‘‘ Fishes of the Cedar River Basin,” by Seth E. Meek; and 
‘‘Report of the Committee on Jowa Fauna,” by C. C. Nutting 
(chairman). The following are the officers for 1890: president, 
F, M. Witter, Muscatine; first vice-president, C. C. Nutting, 
Iowa City; second vice-president, C. P. Gillette, Ames; secretary 
and treasurer, R. Ellsworth Call, Des Moines; executive council, 
the officers, and Professors J. E. Todd Cabor), Herbert Osborn: 
(Ames), and L. H. Pammel (Ames). 


—* Little Giant” Edwin Checkley, who has just broken the 
long-distance bicycle record between New York and Chicago, 
making the distance in a little over four teen days, undertook the 
task without any previous special training, pursuant to the theo- 
ries set forth in his book, ‘‘A Natural Method of Physical Train- 
ing,” which has been creating so much talk among athletes and 
members of the medical profession. Mr. Checkley opposes mod- 
ern athleticism as practised in and out of the colleges, and argues 
that his own extraordinary strength and agility are to a great ex- 
tent possible even to persons of comparatively sedentary habits, if 
a certain simple course is followed. Checkley, who was educated 
as an engineer, and is now studying medicine, is five feet five 
inches in height, and weighs only one hundred and twenty-five 
pounds; but he can lift two men, each weighing two hundred 
pounds, and trot with them for one hundred yards. | 


— The American Bankers’ Association have devoted much time 
lately to a consideration of the question, ‘‘ What can be done to 
prepare for their future careers those youths who expect to follow 
banking as a business?” In the course of their investigation, 
their attention was attracted by the work of the Wharton School 
of Finance and Economy,—a department of the University of 
Pennsylvania which has, among other courses, one in banking. 
Professor Edmund J. James, one of the senior professors in the 
school, who has devoted much time and thought to educational 
questions, was invited to deliver an address upon the school and 
its work before the convention at Saratoga, which met from the 
3d to the 6th of September. The address, which was delivered 
on the evening of the 8d of September, includes, besides an ac- 
count of the Wharton School of Finance and Economy, a discus- 
sion of the general subject of what our colleges are doing for the | 


- education of our business-men. It is pointed out that Mr. Carnegie, 


in his famous interview on the subject, was practically correct 
when he said that the colleges, speaking generally, are not edu- 
cating the bysiness-men of the community. A smaller and smaller 
proportion of the youth of the country are going tocollege. This 
is true even of those who expect to become lawyers and physi- 
cians, and still truer of the immensely greater number who ex- 
pect to take up business careers. This fact is also emphasized by 
Professor Shaler of Harvard, in an article on the subject in the 
August Atlantic. Professor James takes the ground that this is 
very natural, considering the curriculum of our colleges. It is, 
however, very unfortunate. The higher education of our business 
classes is absolutely essential to our permanent welfare. Whether 
for good or ill, the control of our modern life, the school, society, 
politics,—the church, in a word, of our civilization itself,—is slip- 
ping into the hands of our business classes. The professional 
world is losing, the business world gaining. It is no longer the 


- great lawyer, statesman, or clergyman, but the great banker, 
manufacturer, railroad manager, who speaks the decisive word in 


many matters of public importance. The higher education of 
these classes is therefore of fundamental importance to our social 
and political existence. The problem is to be solved by the addi- — 
tion to our existing college curricula of courses which have a direct 
relation to the wants of educated business-men in some such way as 
existing courses correspond to the wants of the future teacher, or 
engineer, or architect. 
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THE TIME-RELATIONS OF MENTAL PHENOMENA. 
| [Continued from : 147.] 


The effect of the mode of re-action upon the re-action 
time is the same here as in the simple re-action. Re-acting 
by the voice in the incomplete form of re-action has been 
found to be longer than re-acting by the finger; and when- 
ever the re-action takes the form of-speaking or naming, it 
takes some time to place the organs in position and speak 
the word. Buta very special and important effect in adap- 
tive re-actions is that of (5) the association between move- 
ment and stimulus. | | 


As the effect of a special or a general practice, certain — 


modes of re-acting to certain types of stimuli have become 
natural, easy, and familiar, while in other cases (e.g., the 
re-acting by pressing a key, —a process learned only for the 
purposes of the experiment) the association is extremely 
artificial. If we compare, in Miinsterberg’s series, the ex- 
periment in which the five fingers re-act to the numbers 
“Sone,” ‘‘two,” ‘‘three,” ‘‘four,” ‘t five” (XXIV.), with 
that in which they. re-act to the declensional forms of a Latin 
noun (XXV.), we recognize that the former is a more natu- 
yal association than the latter, and seem justified in at- 
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- the study of these time-relations. 


daily life. 
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tributing a good share of the increase in time to this differ- 
ence. Again: to re-act by naming is a process in which we 
have had considerable training, and it is quite evident that 
the time needed for naming one of 26 different impressions 
(XV.-XVIIT., and XX.) is much shorter than would be 
needed for re-acting by 26 artificial and irregular movements 
of the hand. The difficulty in learning a foreign language, 
or a telegraphic code, or a shorthand system of writing, is 
largely the difficulty of forming associations between com- 
plex stimuli and movements; and the great decrease in time 
that is brought about when such associations have been 
mastered emphasizes the importance of the factor now under 
discussion, which, in turn, may be regarded as an expression 
of the effect of practice. | 


We may push the analysis a step farther. The process of 


- naming is much more closely associated with a word or @ 


letter than with a picture or a color; for the former are ar- 
tificial symbols, merely becoming significant only when so 
interpreted, while the latter reveal their meaning directly 
without needing to be named orread. Accordingly, we find 
that it takes longer to name a color (60106) or a picture 
(5450) than to name a letter (4240) ora word (4090), though 
the recognition of a color or a picture is a quicker process 
than the recognition of a letter or a word (compare XV., 
Furthermore, 
if the time of naming or reading is thus mainly conditioned 
by the strength of association involved, we may in turn 
utilize this process as an index of familiarity with the nam- 
ing or reading, or, more briefly, with the language. Thus 
Cattell, an American, reads English words more quickly 
than German (XVIf. and XVIIT.), while with Berger, a 
German, this relation is reversed. To name a picture in 
German occupies Cattell for 6140; in English, 5886. It 
occupies Berger in German for 50106; in English, 5800. The 
inference is the same (though the absolute time is much 
shorter) if we read words in construction instead of isolated. 
By this method Cattell finds that he can read an English 
word in 1386, a French in 1676, a German.in 2500, an 
Italian in 3270, a Latin in 4340, and'a Greek word in 4846, 
this teing the order of his familiarity with these languages. 
The particular nature of the association may be revealed in 
Thus, while in all cases 
it takes longer to read words from right to left than from 
left to right, this difference is relatively least in the least fa- 
miliar languages; i.e., in those in which the bond of asso- 
ciation between the words is least significant. For a like 
reason letters are read much more quickly from above down- 
wards (102¢) than from below upwards (26460). | 

(6) The Overlapping of Mental Processes. We pass 
now to a point of critical importance in the application of 
results gained in the laboratory, to the mental operations of 
While in the former case we are performing a. 
set task in isolation for purposes of investigation, in the lat- 
ter case (1.e., in such operations as reading, copying, play- 
ing upon instruments, and the like) we are performing a 
continuous, more or less extended, series of re-actions, bound 
together by bonds of common purpose and associations of 
habit. It is not a mere aggregate, but an organization of 
mental processes; and this makes possible the performance 
of the several factors of the process in part at the same time. 
It leads to an “overlapping” of the mental elements. Itisa. 
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proficiency in thus doing several things’ at once that consti- 
tutes much of the difference between the expert and the 
novice; and it is this “telescoping” process that seems to be 
the method by which complicated operations are at length 
performed in short times. It is for this reason that the time 
per word of reading 100 words is shorter. than the time of 
reading a single word. Cattell reads a short word in 4096, 
a long one in 4516, but 100 such in 2556 per word, and, if 
the words are in construction, in 1256 per word; thus indicat- 
ing how much of the difference between ordinary reading, and 
reading single words, is due to the continuity of the experi- 
ment, how much to the association between the words. 


2240 (compare XVIL., XV., with LIII., LIV.). When the 
series is too long continued, fatigue sets in, and the time is 
again longer; it is longer for 500 than for 100 words and 
letters; and for colors and pictures there is no saving in 
naming 100 above naming a single color or picture. 

A special study of this power of grasping several things at 
once was made by Cattell by having letters move along on 
the surface of a rotating drum, and varying the width of a 
slit in a screen through which they were read. When the 
slit just allowed one letter to be seen at a time, they could 
be read at the rate of one letter in 2280; and as the slit was 
widened to admit two, three, four, five, and six letters at 
once, the rate increased to one letter in 2000, 1786, 1666, 
1606, and 160¢. As it takes 4240 to name a letter singly 
(XV.), it would seem that the whole of a letter need not be 


seen at once to be*recognized,—an inference corroborated by 


the fact, that, when the slit admits only one-tenth of a let- 
ter at a time, the letters can be read at 4000 per letter. The 
result also indicates that there is a limit to the power in 
question. M. Paulhan finds similar results in more complex 
operations. He multiplies numbers and recites a verse or 

two at the same time; and the time needed for this is shorter 
than the sum of the times required’ to do each separately. 
In very simple vases the time of doing both together is not longer 


than the time for doing the more difficult of the two separately. 


The mind should accordingly not be likened to a point at 
which but a single object can impinge at one time, but 
rather to a surface of variable extension. It should like- 
wise be noted that the performance of a complex and ex- 
tended mental task is not the same thing as the separate 
performance of the several elements into which that task 
may be analyzed. me, 

The distinction between the sensory and motor form of re- 
action requires mention in this connection, because, when 
applied to complicated adaptive re-actions, it seems to in- 
- volye overlapping of mental processes. | 
the table (XXIV.—X XIX.) in Miinsterberg’s experiments (and 
they are the only ones available for the present purpose) re- 
fer to sensory re-actions. In these the attention is directed 
to the word about to be uttered. 


ferred to its group. The corresponding movement is then 


aroused and performed, the several processes being succes- _ 


sive in time. In the motor form the word is thought of asa 
‘‘forefinger-moving” word; and the movement upon which 
the attention is kept fixed is expectantly kept ready to be 
set off at the slightest notice. The several processes thus 
play into one another, some perhaps entirely falling away. 
Both anticipatory movements and errors (moving the finger 
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So, 
also, Cattell reads a single letter in 4240, but 100 such in ~ 


The times cited in - 


It is recognized, and re- . 
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next to the correct one) are not infrequent. The motor 
times for the series XX1V.-XXIX. are 289, 355, 480, 432, 482, 
and 4376; the differences between motor and sensory times, 
94, 110, 258, 280, 461, 6850. Until these very important and 
striking results are better understood, it would be unwise to 


enter into a discussion of them; but it may be noted (a) that — 


the increase in the complexity of the processes is more regu- 
lar and prominent in the ‘‘sensory” times, the ‘‘motor” 
times of the last four experiments of the series being about 
alike; (6) that the ‘‘motor” complexity seems to be related 
to the range of the impressions; and (c) that the differences 
in time between the two modes of re- -actions increase as the 
processes become more complex. 


(7) Practice and Fatigue. What was said under these 


headings of simple re-actions applies with equal force to 


complex ones. Various experimenters notice the decrease 
in time as the experiments proceed. They note that this 
decrease is relatively greatest at first, and in those individu- 
als and processes whose time is relatively longest at the out- 
set; also that it soon reaches a limit, and, when once thor- 
oughly acquired, is not liable to be lost after a moderate 
degree of disuse; and that it at times seems to be confused 
with a transition from a sensory to a motor form of re-ac- 
tion. As illustrative of one or other of these points, it may 
be mentioned that Tischer finds as a rather typical case the 
decrease of a distinction time from 1600 in the first set to 
950 in the second, and 866 in the third, all reduction ceas- 
ing on the average after 5.5 sets; that Trautscholdt, in re- 
actions consisting of repeating a word, finds times of 299, 
273, and 258, and in another case of 205, 176, and 1550, in 
three successive periods of fourteen days each; that for Ber- 
ger and Cattell, beginning with some practice in experi- 
ments of this kind, find the time for incomplete re-actions 
reduced by 80 and 200 after four months’ experimentation ; 
and, finally, that the great decrease in the incomplete re- 
actions of Kries and Auerbach (from 64 and 117 to 210, 
from 153 and 109 to 360, from 104 and 97 to 49 and 540, in 
various experiments) strongly suggests a radical change in the 
mode of re-action. Another aspect of the effect. of practice 
appears in a study by Berger of the times required by the 


boys of the nine classes of a German Gymnasium, and of 


the class preparatory to the Gymnasium, to read 100 and 
500 words in construction in German and in Latin at a 
maximum and at a normal rate. There is a constant de- 
crease in timeas the boys advance in age. In Latin the several 


times per word were 262, 135, 100, 84, 79, 57, 54, 49, 48, 480; 


in German 72, 55, 48, 37, 89, 28, 27, 26, 25, 230; the great. 
difference between the first two times in Latin being due to 
the fact that the boys who required 26206 to read a Latin 
word had never learned Latin at all. That these differences 
are to be referred to specific practice rather than to general 
mental maturity, appears from a comparison of the above 
times with the times required by those boys to name colors; 
viz., 135, 99, 119, 123, 100, 91, 112, 99, 86c. 

The results regarding fatigue are not equally definite. 
Many mention the general fact of fatigue, and to avoid it 
perform but few experiments in a series. We have already 
seen that it takes relatively longer to read 500 letters, words, 
colors, pictures, than to read 100. On the other hand, Cat- 
tell, after a very long series of re-actions, found no serious 
or constant increase in the time, but seemed to feel the ef- 
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fects of fatigue. on the following day. Both practice and 
fatigue are subject to large individual variations. 
has studied the minor variations of practice and fatigue in a 
session of two hours’ work, finding first a stage in which 
practice outweighs fatigue, and then a stage in which the 
reverse is true. 

(8) Miscellaneous and Individual Variations. The 
complex re-actions, just as the simple ones are subject to the 
influences of distraction, vary under the action of drugs, in 
morbid conditions, and present large individual variations. 
These points, though frequently noticed incidentally, have 
not been subjected to special study, so that briefly citable 


and conclusive figures are lacking. Regarding the action of _ 


drugs, Kraepelin is inclined to believe that the distinction 
is, under their influence, almost always rendered more diffi- 
cult, being only slightly subject to the period of shortened 
times, while the choice factor very readily becomes shorter 
than the normal. Marie Walitzkaja finds that the complex 
re-action times in the insane differ more from the normal 
than do their simple times. An adaptive re-action for the 
two hands which for the normal required 351-4060, required 
707-9486 in cases of general paralysis, and 1,085¢ in a case 
of mania. These should, however, be regarded as individ- 
ual rather than general results. The individual variations 
may be regarded as increasing with the complexity of the 
re-action. Men differ more from one another in the time 
needed for doing difficult things than in the time needed for 
simple things. Systematic experimentation upon this point 
is lacking: but a suggestion of the truth may be obtained by 
calculating the average deviation from their mean, of Mer- 
kel’s ten subjects in their simple re-action times, their sub- 
jective distinction times, and their adaptive re-action times; 
the result being 2.23 per cent, 3.35 per cent, and 6.79 per 
cent. _ , JOSEPH JASTROW. 
(To be continued.] 
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*,* Correspondents are requested to be as brief as possible. The writer’s name 
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The editor will be glad to publish any queries consonant with the character 
of the journal. 


On request, twenty copies of the number containing his communication will 
be furnished free to any correspondent. 


A Study of California Soils. 


THE material greatness of California rests, in the last analysis, 
upon the vast range and high native fertility of its soils. Cali- 
fornia is a State with but few deposits of coal and iron, though 
possessing almost every other kind of mineral. Its food-produ- 
cing resources, as shown by the character and extent of its soils, 
are very much beyond any thing that the Californians themselves 
have ever claimed. | 

The longest report on California soils that has ever appeared is 
that in the ‘‘ Tenth Census Report;” but the work of soil-analysis 
has been going on ever since, and the larger number of the State 
University’s agricultural bulletins are devoted to this and cognate 
subjects. 
the Sacramento valley; the San Joaquin valley; the Sierra foot- 
hills; the southern or Los Angeles region; the coast region north 
of San Francisco and San Pablo Bays; the coast region south of 
those bays. 

In all of these districts the variety of soils is very great. Only 
a few especially representative soils can be tabulated at length in 
this article. The Sacramento valley, for instance, contains a 
great variety of rich sediment soils, gray or dun-colored, powdery 
loam, very rich and easy of tillage; also dark adobe loams, mod- 
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Orange-red is nearly the prevailing tint. 


The agricultural subdivisions adopted are as follows: 
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erately heavy, paler in color a foot below the surface; also clay 
loams, brown-black when wet; also heavy, black adobes, the 
strongest of wheat-lands; also light, grayish-yellow ‘slickens,” 
the mining débris deposit. All these soils have a sufficient and 
often a very generous supply of lime. In all the alluvial soils the 
amount of potash is large, sometimes very large. The supply of 
phosphates is not large. Professor Hilgard sums up the Sacra- 
mento valley lands by saying that the predominant soils are 
‘‘ fine-grained alluvial loams, with extensive belts of heavy clay,” 
or, in the California phrase, ‘‘adobe lands.” The California adobe 
is much like the black prairie soil of the Mississippi, but the 
phosphoric-acid supply is one-third higher. 


Sacramento Valley Soils. 


River Black Valley Mining 

Alluvium. | Lcam Soil. Soil. Sediment. 
Insoluble matter, and silica 78.444 62.304 71.005 69.062 
- Potash....... .. ese ehincionsat 652 - 805 £929 .300 
Soda......ssee. ceseeeee see 077 221 124 124 
TANG ab otecicadcaets ree? 1.444 2.909 770 521 

Magnesia...... ate ueaeunaes: 2.277 1.042 2.285 768 
Br. oxide of manganese .... 015 025 106 .089 
Peroxide of iron............ 5 804 9.342 8.011 6 586 
Sulphuric acid.............. 030 .068 120 .087 
Alumina........... veceeeceee{ 10.897 13 038 9.159 14.229 
Phosphoric acid. .......00+8 087 095 111 078 
Water and organic matter.. 5.351 10 149 7.4115 8.024 
MOtaly czawsiee bie hemccass 99.578 99.498 | 99.785 99.848 


In the great San Joaquin valley the prevailing character of the 
soil is sandy, often very coarse. .There are also black adobes in 
narrow belts, near the rivers or sloughs, and hillocky plateau 
lands, either loamy or of gravelly clay, with much hard-pan. 
The ‘‘red soil” of the foot-hills shows many distinct sorts. 
Red loam, red gravel, 


San Joaquin Valley Soils. 


Black Brown ee re 

Adobe. Adobe. wid neee 

-| Land Land 

Insoluble matter and soluble silica) 72.058 79.492 67.34 71.420 
Peralta caeiteeiuckl  saeg 714 1.05 | 1.224 
BOG tes orsnicse bene tinenencieoemasadagy 479 444 ‘84 3.048 
TAIN seciess ce tau tcs danas feccess os 1.927 1.769 6.51 3.043 
Magnesia............ dig eeedie aera Saale 1.649 2.048 3.96 .087 
Br. oxide of MANgZanese..........00. .056 041 04 -030 
Feroxide of iron........... Dl evaaswels 6.815 3.728 5.05 5.823 
PVUMING SS eine cco siete is eneweces 11.620 7.988 7.97 7.187 
Phosphoric acid .......seceeeesecees 179 .088 32 .239 
DUlPHUTIC ACIG «cn bee wasiws eeeess -037 074 08 . 655 
Carbonic acid....... Sor aiaes coun ae’ — — 4.42 - 2.546 
Water and organic matter.......... 5.871 3.244 3.71 7.091 
TOG) coescun ened ss veseeeessentax 101.078 99.580 10:.29 99.972 


red clay, and the red soil of the placer mines, filled with decom- 
posed slate, are among the kinds of Sierra foot-hills soils. The 
color comes from the presence of four to twelve per cent of iron — 
oxide. The average of phosphates is low, but in some districts 
the supply is all that can be desired. These soils are eminently 
well adapted to vines, fruit-trees, and vegetables. In the Coast 
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Range there seems to be all possible varieties and combinations of 
soils.. | | | 

The nature of California soils can better be shown by taking 
some representative soils in the various districts, and giving the 
complete analysis from several different localities. 


Bench Lands and Sierra Foot-hills. 


Red — 


Fresno Red 
Red Loam. 
Plains, Foot-hills. | Chaparral. 
Insoluble matter, and silica 88.579 82.592 69.52 68.864 
PO shee ccimasseeeeats 340 249. : " Al? 
Soda | 248 035 -07 052 
TAM OS i oie esi t ae eees oes 1.168 1.021 .96 288 
Magnesia,..............cceee .499 471 1.09 207 
Br. oxide of mangarese.... 034 .018 89 .087 
Peroxide of tron .......6+4. 3.267 5.811 12.42 7.705 
ATwMltadisdss <i dacs sieeve: | 8.221 6 283 1097 14,448 
Phosphoric acid............. .097 .043 16 047 
Sulphuric acld.......00...+- : Aly 19 | ON 074 
Water and organic matter.. 1.789 3.644 5.14 7.680 
Total ere eee eee eT ree 100.186 101.11 99.815 


99.368 

The famous bed-rock land, long considered worthless, lies on 
the borders of the valley. The soluble silica runs to six and eight 
per cent; alumina, above five per cent. There are only small 
quantities of potash, soda, and magnesia, but the sub-soil in a 
measure supplies these deficiencies. Lime is in adequate quan- 
tity. This is the soil where giant-powder is used to break up the 
bed-rock when planting orchards, and the trees afterwards thrive. 

The dry bog soil is immensely rich, equal in native qualities to 
the famous buckshot soils of the Yazoo bottoms, but the surplus 
of alkaline salts prevents its use until reclaimed by fresh water or 
- gypsum. The wire-grass soil is highly productive. There is a 
little alkali, but not enough to injure it. The brown adobe is a 
very representative soil, deep reddish brown in color, contains 
much sand, and is easily tilled. 


Southern California Soils. 


uojave | 8 siete Silty Soil. 
Resa Gabriel pana Lower 
Valley Bench 
Insoluble matter and soluble silica! 75 964 81.12 86.21 87.511 
POtASH.......ceceeceseeeessee eeeeees 928 27 48 634 
1010 EC: ere ere eS ree Tee er eee 078 | mb 14 -070 
AMO Siedeeetrehrice tT ohieds toneseeiers 1.787 68 36 759 
Magnesia........ BoM Ls antes oh 1.782 1.77 B44 593 
Br. oxide of manganese ............ 026 10 0! 025 
Peroxide of fron..........-.e06 Sennee 5.478 6.30 3.69 3.350 
“Alumina .......0... 2008 Sate wanes bees 9.227 6.79 5.12 3 095 
Phosphoric acid.......... Kuna med 056 16 23 .200 
Sulphuric acid .....crccccccccccesece 012 07 03 -003 
Carbonic OI oie Sih is Bveadecces ee : 456 — — — 
Water and organic matter.......... 3.903 3.07 2.60 3.132 
POUR] asics 26 ie. 8 eins 8 6 winless 99.697 100.50 99.50 99.372 | 


The foot-hill region ranges in width from ten to fifteen miles. 
The soils show very considerable differences, but the greater por- 
tion are of a ‘‘fair to high quality.” There is a ‘* mountain 
adobe” of the high valleys, which in some cases runs very high 
in magnesia, alumina, and ferric oxide. The ‘‘ mining slum” is* 
of exceedingly varying quality, some of it worthless for a long 
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time; in other sections, a fair garden soil almost immediately. A 
large percentage of lime is present in many cases in the mining 
débris, or sediment. 

The soils of the southern region—south of Tehachipi—are per- 
haps as varied as in any part of California. The great Mojave 
Desert is one of the important features. Here extensive tracts 
only lack water to make them of much cultural value. In fact, 
this high plain has ample lime and potash, though little humus, 
and hardly enough phosphoric acid. The arable lands of south- 
ern California consist of ‘‘ bottoms,” bench lands, mesas or high 
bench lands, mountain soils, and seacoast soils. The coast valleys 
are strong in phosphates; the mountain lands have more lime and 
humus. Reddish gravelly soils, excellent for fruit, are a charac- 
teristic feature. | 

There is a silty soil in many places, which retains its tilth so 
well that a man can easily thrust an axe-handle down tothe head 
in the light-umber soil. | 

The Coast Range, like southern California, has so wide a range 
of sorts that a hundred analyses would not be sufficient to ex- 
haust the number of typical cases. Many of the light soils show 
an especial power for absorbing moisture, and a high percentage 
of humus. Phosphates will probably be the first things to be ex- 
hausted. As a rule, they are adapted to fruits rather than to 
grains. There are black adobe soil, redwood bottom, yellow and 
brick-red mountain soils, gravels, loams, and almost every possible 
variety and combination. CHARLES HOWARD SHINN. 

Niles, Cal., Sept. 3. 


BOOK-REVIEWS. 


An American Geological Railway Guide. By JAMES MACFARLANE. 
2d ed. revised and enlarged. New York, Appleton. 8°. 


From a geologic point of view, this is a model handbook for 
tourists. The names of the railway stations are arranged as in an 
ordinary time-table, with the distances in miles from the beginning 
of the line; but, instead of the times of running trains, the trav- 
eller is informed of the age of the bed-rocks and the height of 
each station in feet above the sea. Abundant footnotes also call 


attention to localities of special interest to the collector of fossils 


and minerals, or to quarries, mines, oil or gas wells, remarkable 
waterfalls, gorges, or mountain views. 

Dr. Macfarlane is well known by his earlier work, ‘‘ The Coal 
Regions of America.” Since his death in 1885, his son has be- 
stowed much care and effort, during the scanty leisure allowed by 
professional duties, to the completion of this new edition of the 
‘‘Railway Guide.” In this work he has been atded by many 
geologists, both of this country and Canada, who have contributed 
the portions relating to the regions covered by their field-work. 
Among these names we note Broadhead, J. L. and H. D. Camp- 
bell, Chamberlin, Chance, Chester, Collett, Condon, Cooper, 
Crosby, Dana, Darton, Davis, G. M. Dawson, Dwight, Emmons, 
Fontaine, Gannett, Gesner, Gilbert, Hague, Hall, Hilgard, Hitch- 
cock, Hunt, Irving, Johnson, Kerr, Lesley, Loughridge, McGee, 
Newberry, Orton, Owen, Procter, Pumpelly, W. B. Rogers, Rus- 
sell, Safford, Shaler, Smith, Smock, Stevenson, St. John, Todd, 
Uhler, Upham, White, Whitfield, G. H. Williams, Willis, A. and 
N. H. Winchell, Worthen, Wright. The book is prefaced by 


tables of the geologic formations and their descriptions, occupy- 


ing about fifty pages, ‘‘intended for railway 


travellers who are 
not versed in geology.” 2 , 


A Stem Dictionary of the English Language. By JOHN KEN- 
NEDY. New York, Barnes (Amer. Book Co.). 8°. 


THE author of this work believes that children in learning to 
read should trace words back to the stem from which they are de- 
rived, but that in so doing they should not go out of the bounds 
of their own language. Thus, he holds that bene- in the word 
benefit should be treated as the stem of the word, without regard 
to its previous history in Latin. "With this view he has prepared 
this dictionary, giving the most important stems derived from 
Latin and other tongues, with the principal words in which they 
occur and their definitions, and also the foreign words from which 
they are derived. Stems of Saxon origin are not usually given, 
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as the student is presumed to be sufficiently familiar with them 
and their meaning. How useful the book may prove can only 
be determined by experience; but many pupils will be interested 
in thus tracing the various derivatives of a given stem. There is 

one serious defect in the execution of the work. The pages are 
encumbered with long notes, sometimes filling half a page, about 
such things as the atmosphere, gravity, gladiatorial shows, etc.,— 
notes which are sadly out of place in a dictionary. We noticed 

_also some inaccuracies, such as calling the Latin honestus Greek, 
and the Greek laos Latin. The work is illustrated by numerous 
quotations, mostly in. verse. 


An Elementary History of the United States. By CHARLES Mor- 
RIS. Philadelphia, Lippincott. 12°. 60 cents. 


THIS work covers the whole period of American history from 
the discovery of the continent to the present time; and yet it isall 
crowded into two hundred and forty pages. 
that the narrative is too much condensed, and contains too much 
detail for so shorta work. This is the common fault of brief his- 
tories, and not only renders them less interesting than they might 
‘be, but also tends to obscure the main outlines of the subject. 
Apart from this defect, however, Mr. Morris’s work is pretty well 
done. We like in particular the attention he gives to the social 
life of the people and the progress of industry,—matters that 
. are not only important in themselves, but also interesting to young 
people. The book is illustrated with both pictures and maps. 


AMONG THE PUBLISHERS. » 


THE September issue of the Contemporary Review will con- 
tain an article covering some twenty-three pages, by Rudyard 
_ Kipling, entitled ‘‘ The Enlightenment of Pagett, M.P!,” which, in 
the form of a story, is a trenchant criticism on the National Con- 


Publications received at Editor’s Office, 
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_and to the corporations on the other. 
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gress movement in India. The Contemporary is published in 


_ America by the Leonard Scott Publication Company at 40 cents 


per number. 


—Messrs. Houghton, Mifflin, & Co. announce that they will 
have ready for publication in the early part of September a book 
by John Fiske, entitled ‘‘ Civil Government in the United States, . 
considered with some Reference to its Origins.” In this book Mr. 
Fiske aims to set forth the principles and methods of civil gov- 
ernment as understood and exemplified in the republic of the 
United States and in the several States; and he traces the rise and 
development of the various forms of government of towns, coun- 
ties, cities, states, and the nation, with their relations to one an- 
other., Although of great interest to the general reader, the book 
is designed primarily for use in schools; and to make it still more 
practicable for this purpose, there have been added at the end 
of each section questions on the text, and at the end of 
each chapter suggestive questions and directions ‘‘ designed to 
stimulate reading, investigation, and thought.” These questions 
and suggestions have been prepared with great care by Frank A. 
Hill, the head master of the English High School at Cambridge, 
Mass. Mr. Fiske has also added a bibliographical note at the end 


of each chapter. 


—The most important article in the Political Science Quarterly 
for September is that on ‘‘State Control of Corporations,” by 
George K. Holmes. It is an account of what has been done in 
Massachusetts toward securing the rights of the public against 
corporations of every description, and is a very encouraging ex- 
hibit.. The Massachusetts method consists in the maintenance of 
commissions whose duty it is to hear complaints, settle disputes 
when possible, and give advice to the Legislature on the one hand, 
This method has proved 
very successful in protecting the public against abuses; and, in 
Mr. Holmes’s opinion, it only needs to be extended to trade com- 
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U.S. DEPARTMENT OF AGRICULTURE. Report on the 


Substitution of Metalfor Wood in Railroad Ties, 


by EH. E. R. Tratman, C.E., together with a Dis- 
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Wood for Railway Purposes, by B. E. Fernow. 
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MACMILLAN & CO.’S 
NEW BOOKS ON CHEMISTRY. 


Outlines of General Chemistry. 


By WILHELM OSTWALD, 
Professor of Chemistry in the University of Leipzig. 
Translated, with the author's sanction, by 
JAMES WALKER, D.Sc., Ph.D., 


Assistant in the Chemical Department, University 
of Edinburgh. 8vo, $3.50. 


“This book has been written mainly to supply a 
want felt in my own teaching experience. It is de- 
signed to meet the requirements of the student who, 
while not intending to devote himself to the detailed 
study of General Chemistry, still wishes to follow 
intelligently the progress. recently made in this im- 
portant branch of science. I have abstained as far as 
possible from the use of mathematical formula, and 
have always striven after clearness of exposition. 

“Within the last three or four years an enormous 
advance has been made in chemistry by the theories 
of solution and of electrolytic dissociation, due re- 
spectively to Van'’t Hoff and Arrhenius. I hope 
not only to have rendered a service to students by 
the elementary exposition of these epoch-making 
theories and the experiments on which they are 
based, but also to have contributed towards their 
general recognition amongst my fellow-workers—a 
recognition which can scarce be longer delayed.’*— 
From the Author’s Preface. 


New and Revised Edition, Now Ready. 


Lessons in Elementary Chemistry, 
INORGANIC AND ORGANIC. 


By SIR HENRY E. ROSCOE, D.C.L., 
LL.D., F.R.S., 
Professor of Chemistry in Owens College, Manchester. 
16mo. With numerous Illustrations. Cloth, $1.10. 


“As a standard general text book it deserves to 
take a leading place.’’—Spectator. ; 

‘*We unhesitatingly pronounce it the best of all 
our elementary treatises on chemistry.’—Medical 
Times. ; 


MACMILLAN & CO., 142 4th Avenue, N. Y. 
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‘men by W. P. Maycoog, together with Rules and 


Regulations to be observed in Electrical Installation 
Work, with diagrams. 130 pages, 82mo, cloth, 60 cts. 


| E. & F. N. SPON, 12 Cortlandt St., New York. 


RACES AND PEOPLES. 


By DANIEL G. BRINTON, M.D. 


This book is a review of the whole domain 
of ethnography, with particular attention to 
the white or European race, the Aryan 
peoples, their origin and distribution. The 
latest opinions of the leading European schol- 
ars have been consulted, but the work is 
largely the result of independent research, 
and does not follow any especial school of 
ethnographers. | 


Price, postpaid, $1.50. 


N; D. C. HODGES, 7 
47 Lafayette Place, N. Y. 


Old and Rare Books. 


Back numbers Atlantic, Century, Harper, | 
and Scribner, 10 cents per copy, other maga- 
zines equally low. Send for a catalogue. 


A. S. CLARK, 


- Bookseller, 


34 Park Row, New York City. 


ACK NUMBERS and complete sets of leading Mag- 
azines. Rates low. AM. MAG. EXCHANGE, 
Schoharie, N.Y. 
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binations to be a complete success. Another interesting paper in 
the Quarterly is a sketch of ‘‘German Historical Jurisprudence,” 
by Ernst Freund, giving a clear though brief account of the rise 
and progress of juristic studies in Germany. Mr. Fred. Perry 
Powers, in a paper on ‘‘ Recent Centralizing Tendencies in the Su- 
preme Court,” contends that the Court has gone too far in claiming 
for Congress power over interstate commerce. Professor Selig- 
man continues his series of articles on ‘‘ The Taxation of Corpora- 
tions; Professor Ashley has a somewhat elaborate review of 
Charles Booth’s work on ‘‘ East London;” and there is also an ar- 
ticle by William Chauncy Langdon on “Italy and the Vatican,” 
which is mainly devoted to setting forth the views and policy of 
the late Baron Ricasoli. On the whole, this number of the 
Quarterly is a good one; and yet we feel bound to say that there 
is very little in it that can properly be termed scientific. The 
majority of the articles are on questions of practical politics, and 
only one or two of them deal with really scientific problems. 


—The Forest and Stream Publishing Company (New York) an- 
nounce for immediate issue ‘‘ House and Pet Dogs; their Selec- 
tion, Care, and Training.” It is written by awoman. The same 

firm will publish at once ‘‘ The Spaniel and its Training.” 


—- The Putnams have published ‘‘The Pleroma, a Poem of the 
Christ,” by Rev. E. P. Chittenden, consisting of two parts. The 
first part is an imaginary account of the creation of the world, 
which is performed by the *‘ Pleroma,” or fulness of the Godhead, 
while the ‘‘ Circles,” the ‘* Bands,’ the ‘‘ Limits,” and other 
fanciful beings, look on and sing. The days of creation are made 
to represent the successive geologic ages, the scenery of which is 
illustrated by numerous pictures. The second book treats of 
‘‘Christ in History,” beginning with the Garden of Eden. The 
author expresses the hope that his book will ‘find favor among 
Christian students of science and scientific students of Christian- 
ity ;” but why it should do so we are unable to see, for it is neither 
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poetical nor scientific, and is wholly devoid of moral significance. 
You may read pages of it without.finding an idea; and the book 
is not in any sense an addition to literature.. 


— Jules Verne’s latest story of travel and adventure, ‘‘ Ceesar 
Cascabel,” will be published early in the fall by the Cassell Pub- 
lishing Company, who have made an arrangement with the author . 
to that end. 


—Messrs. Ginn & Co. announce to be ready this month “A 
Hygienic Physiology,” for the use of grammar and common 
schools, by B. F. Lincoln, M.D., late secretary of the Medical De- 
partment of the American Social Science Association, author of 
‘¢ School and Industrial Hygiene,” etc. The chief object of this 
book is to present the laws of health as fully as pupils fourteen or 
fifteen years old can be expected to understand, appreciate, and 


apply them. The distinctive feature of the work is thus its put- 


ting hygiene first, and making anatomy and physiology tribu- 
tary, instead of making anatomy and physiology the main 
things, and introducing hygiene incidentally. Enough of the 
theoretical is in all cases given to supply a basis for the practical; 
but it is given with a varying fulness, according to the nature of 
the topic under consideration. Thus, under the head of ‘*Bones,” 
the anatomy and physiology take up most of the chapter, while 
the anatomy of the digestive organs is treated but briefly, the 
chief attention being directed to food, ways of cooking and eat- 
ing, etc. Exercise, sleep, bathing, ventilation, and kindred sub- 
jects are carefully treated. Alcoholic beverages have a chapter 
to themselves; but additional remarks, if they seem called for, 
are given at the end of the chapters on other subjects. It has 
been the writer's endeavor to present this matter wisely and truth- 
fully, and it is believed that his views are in harmony with the 
opinions of the recognized leaders of modern medicine, and avoid 
the dangers of distrust and re-action which attend over-state- 
ment. 


Lyspepsia 
Hursfod's id Phosphate, 


In dyspepsia the stomach 
fails to assimilate the food. The 


IMPROVED OIL LIGHT 


MAGIC LANTERNS. 


‘Also Lime and Electrie Light Apparatus, and 
mechanical, plain, and fine colored views. 
j. B. COLT & CO., Manufacturers, 
No 16 BEEKMAN STREET, 


A New Method of Treating Disease. 
HOSPITAL REMEDIES. 


What are they ? There is a new departure i in 
the treatment of disease. It consists in the 
collection of the specifics used by noted special- 
ists of Europe and America, and bringing them 
within the reach of all. For instance, the treat- 
ment pursued by special physicians who treat — 
indigestion, stomach and liver troubles only, 
was obtained and prepared. The treatment of 
other physicians celebrated for curing ‘catarrh 
was procured, and so on till thesé incomparable 
cures now include disease of the lungs, kidneys, 
female weakness, rheumatism and nervous de- 
bility. 


New YorK. 


Acid Phosphate assists the 
weakened stomach, making the 
process of digestion natural and 
easy. | 


Dr. R. S. McComps, Philadelphia, says: 

** Used it in nervous dyspepsia, with suc- 
cess.’? 

Dr. 
says: 

‘* The best remedy for dyspepsia that has 
ever come under my notice.’ 

Dr. T. H. Anprews, Jefferson Medical 
College, Philadelphia, says: 


‘‘ A wonderful remedy which gave me 
most gratifying results in the worst forms of 
dyspepsia.’’ 

Descriptive pamphlet free. 


W. S. Lzonarp, Hinsdale, N. H., 


Rumford Chemical Works, Providence, R. 1 


Beware of Substitutes and Imitations. 


CAUTION.—Be sure the word “ Hors- 
fords? is printed on the label. All others 
are spurious. Never sold in bulk. 


FREE. 
OUR 100 PP. CATALOGUE OF MINERALS. 


Illustrated with 57 cuts, and containing (a) Scien- 
tific Papers and Notes, 41 pp.; (b) A Classified List 
of All Mineral Species, giving chemical composition 
and crystallographic form, 31 pp.; (¢c) An Alpha- 
betical Index of some 3,000 mineralogical names. 
Paper-bound copies free to those mentioning this 
journal; handsome cloth-bound copies, 25 cents, 
postpaid. GEO. L. ENGLISH & CO., Dealers in Min- 
erals, 1512 Chestnut street, Philadelphia ; 739 & 741 
Broadway, New York. 


Have youa friend who, for fash- 
ion’s sake, submits to physical 
deformity ? Would he or she not 
be interested in Professor Flow- 
er’s ‘‘ Fashion in Deformity P”’ 


Sent Eoeae on receipt of 50 cents. 


SCIENCE BOOK AGENCY| 


47 Lafayette Place, New York. 


This new method of ‘one remedy for one 
disease”? must appeal to the common sense of 
all sufferers, many of whom have experienced 
the ill effects, and thoroughly realize the ab- 
surdity of the claims of Patent Medicines which 
are guaranteed to cure every ill out of a single 
bottle, and the use of which, as statistics prove, 
has ruined more stomachs than alcohol. A cir- 
cular describing these new remedies is sent free 
on receipt of stamp to pay postage by Hospital 
Remedy Company, Toronto, Canada, sole pro- 
prietors. 


OF WHAT USE IS THAT PLANT? 


You can find the answer in 
SMITH’S ‘DICTIONARY OF 
ECONOMIC PLANTS.’’ 
Publish- 


Sent postaid on receipt of $2.80. 
er’s price, $3. 50. 


SCIENCE BOOK AGENCY, 


47 Lafayette Place, New York. 
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THE Medical Press, July 30, 1890, says 
that on July 26 a girl nineteen years old 
died at Plaisance, near Paris. This girl 
was of an enormous size. A year ago she 
was weighed, and was found to exceed 470 
pounds, and since then she had considera- 
bly increased. Around her waist she meas- 
ured two yards and a half, while the cir- 
cumference of her arm exceeded one yard. 
She succumbed to erysipelas. 


CATARRH. 
Catarrhal Deafness—Hay Fever. 


A NEW HOME TREATMENT. 


Sufferers are not generally aware that these 
diseases are contagious, or that they are due to 
the presence of living parasites in the lining 
membrane of the nose and eustachian tubes. 
Microscopic research, however, has proved this 
to be a fact, and the result of this discovery is 
that a simple remedy has been formulated where- 
by catarrh, catarrhal deafness and hay fever are 
permanently cured in from one to three simple 
applications made at home by the patient once 
in two weeks. 

N.B.—This treatment is not a snuff or an 
ointment ; both have been discarded by repu- 
table physicians as injurious. A pamphlet ex- 
plaining this new treatment is sent free on 
receipt of stamp to pay postage, by A. H. Dix- 
on & Son, 337 and 339 West King Street. 
Toronto, Canada.—Chvistian Advocate. 


Sufferers from Catarrhal troubles should care- 
fully read the above. 


A TEMPORARY BINDER 


for Science is now ready, and will be mailed 
postpaid on receipt of 75 cents. 


This binder is strong, durable and 
elegant, has gilt side-title, and al- 
lows the opening of the pages per- 
fectly flat, Any number can be 
taken out or replaced without dis- 
turbing the others, and the papers 
are not mutilated for subsequent 
permanent binding. Filed in this 
binder, Sczenceis always convenient 
for reference. 

Temporary binders of the same 
description but without side title, to 
fit any paper or periodical of, ordi- 
nary size, wiil be mailed postpaid on receipt of price as 
given below. In ordering, be sure to give the name of 
paper or periodical] and style of binder. 


8 to 12 inches long, cloth, $0.50; leather, $0.60. 
bb 60 oe 


oe oe 


12 °° 14 in is ie 75- 
14 ese I 66 75 1.00. 
17 6 19 6 6 66 1.00 oe 1.25. 


N. D. C. HODGES, 47 Lafayette Place, New York. 
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TO BUILD? 


We offer an Atlas of Sensible Low Cost 
Houses, a pertfolio 11x14 inches, containing 
handsome illustrations, floor plans, and full 
descriptions of this popular design, and fifty-four 
others, ranging in cost from $800 to $7,200. This 
specimen design is for a cottage with seven rooms, 
and costing $1,100. It combines beauty and comfort, 
has two large porches, and is a popular and practi- 
cal working design, having been built several times 
for its estimated cost. 

No matter what style of a house you may intend to 
build, it will pay you to have this book. 

We will send this Atlas, postpaid, on receipt of 
res, $1.—N. D. C. Hodges, 47 Lafayette Place, New 

ork. 


N. D. C. HODGES, 47 Lafayette Pl., New York, 
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Fact and Theory Papers 
THE SUPPRESSION OF CONSUMPTION. 


By Goprrry W. HAmMBLETON, M.D. 12°. 40c. 


‘*The inestimable importance of the subject, the 
eminence of the author and the novelty of his work 
all combine to render the little treatise worthy of 
special consideration. . . . We heartily com- 
mend Dr. Hambleton’s booklet and wish there were 
op such works.’’—Editorial, Boston Daily Adver- 

iser. 

‘“‘The monograph is interesting in style, scholarly, 
and well worth of careful consideration. It is de- 
void of technical expressions, and can be easily read 
and digested.”—Pharmaceutical Era. 

‘It is full of facts and wisdom.”—Philadelphia 
Saturday Evening Post. 

“The book contains much of importance to the 
medical fraternity, as well as the general populace.” 
—Burlington Hawkeye. 

‘*'We commend the book to physicians and lay- 
men.’’—Herold (German), Milwaukee. 


THE SOCIETY AND THE ‘‘ FAD,” 


By APPLETON Morean, Esq. 12°. 20 cents. 


‘‘Mr. Morgan founds a sensible and interesting 
address upon a text furnished by a sentence from a 


young ladies’ magazine; namely, ‘Browning and 


sen are the only really dramatic authors of their 
century.’’’—New York Sun. 

‘‘In the little book before us the treatment of the 
subject is dispassionate and logical. The compari- 
son drawn throughout this monograph is between 
Shakspeare and Browning, the subject-matter being 


‘largely based on tbe Browning and ppt epostian 


societies and how they came to exist. A pleasant 
half-hour or more may be spent over the book, and 
some useful information derived from it.’’°—Engle- 
wood Times. 

‘‘To say nothing of the dissection of Browning, 
the vivid side-lights thrown upon Shakspeare’s life 
and work make the reading of this volume at once a 
pleasure and a source of instruction.’**— Chicago 
Evening Journal. 


PROTOPLASM AND LIFE, 
By C. F. Cox. 12°. 7% cents. 


The author of this book was for some years presi- 
dent of the New York Microscopical Society, and in 
this volume he sets forth his views on the spontane- 
ous generation theory and its relation to the general 
theory of evolution, and on protoplasm and the cell 


TATE TORNADO, 


By H. A. Hazen. 12°. $1. 


Professor Hazen is one of the prominent meteor- 
ologists connected with the United States Signal 
Office. In this work he reviews our present infor- 
mation as to tornadoes, severely criticising some of 


“the opinions held in regard to them up to this time. 


No one has given a more careful study to these de- 
structive storms than has Professor Hazen, and his 
book will prove a decided contribution to the 
world’s knowledge. In this book will be found a 
careful discussion of the important question of 
Tornado Insurance now attracting so much atten- 
tion. Hundreds of dollars may be saved by people 
who are thinking of such insurance by following the 
principles here made plain. 


Ready at an early date. 


THE CHEROKEES IN PRE-COLUMBIAN TIMES 


By Cyrus THomas. 12°. $1. 


Dr. Thomas in this work will reverse the usual 
method of dealing. with prehistoric subjects ; that is 
to say, he will commence with the earliest recorded 
history of the tribe as a basis, and trace the chain 
back step by step by the light of the mounds, tradi- 
tions, and other evidence, as far as possible. He 
has already presented to the public some reasons 
for believing the Cherokees were mound-builders, 
but additional evidence bearing on the subject has 
been obtained. A more careful study of:the Dela- 
ware tradition respecting the Tallegwi satisfies him 
that we have in the Bark Record (Walam Olum) 
itself proof that they were Cherokees. He thinks 
the mounds enable us to trace back their line of 
migration even beyond their residence in Ohio to 
the western bank of the Mississippi. The object is 
therefore threefold: 1. An illustration of the re- 
verse method of dealing with prehistoric subjects ; 
2. Incidental proof that some of the Indians were 
mound-builders ; 3. A study of a single tribe in the 
light of the mound testimony. This work will be an 
important contribution to the literature of the Co- 
lumbian discovery which will doubtless appear 
during the coming two years. 


BOOKS: How to get them. If there is any 
book or pamphlet that you want, write to the Science 
Book Agency, 47 Lafayette Place, New York. 


Wants. 


Any person seeking a position for which he ts quali- 
fied by his scientific attainments, or any person seeking 
some one to fill a position of this character, be it that 
of a teacher of science, chemist, draughtsman, or what 
not, may have the ‘ Want’ inserted under this head 
FREE OF COST, if he satisfies the pubiisher of the sutt- 
able character of his application. Any person seeking 
information on any scientific question, the address of 

| any scientific man, or whocan in any way use this col= 
umn for a purpose consonant with the nature of the 
paper, is cordially invited to do so. 


ANTED.—A specialist in chemistry (an Ameri- 
: can) desires a position as instructor in chem- 
istry; as assistant or in full charge of department; 
would accept a lucrative position in physical sci- 
ences; studied at Gdédttingen, Germany; degree | 
Ph.D.; two years’ experience as teacher of chemis- 
Ag Address DOCENT, P. O. Box 1151, Brockton, 

ass. 


ANTED. — Advertisements of text-books and 

good standard works on Natural History, for 
stocking a library. Add price. Address M. D. 
SULLIVAN, St. Louis University. St. Louis, Mo. 


ANTED.—Science teacher at the State Normal 
School, Winona, Minn. Address the President, 
IRWIN SHEPARD. 


| X ) ANTED—Index to Vol. VIII. and a copy of No. 
205 of ScreNcE. Ten cents will be paid for a 


copy of either of these if in good condition. Pub- 
lisher of ScIENCE, 47 Lafayette Place, New York. 


O PRINCIPALS OR COMMITTEES.—Professor 

of Classics and Sciences, experienced in adver- 
tising and building up schools, now employed, de- 
sires change. WILLIAM, Roslyn, L. I 


Vee graduate from the Advanced 
Course of the Framingham State Normal 
School desires an assistant’s position in a high 
school. An appointment in New England preferred. 
Address G., Lock Box 4, Framingham, Mass. 


YBRIDS,.—A. M. Suchetet, 10 Rue Alain, Rouen, 

France, desires to correspond with those pos- 

‘sessing hybrids, either living specimens or stuffed, 
of mammals, birds or other animals. 


ANTED.—A Mining Engineer of standing and 

experience. One having had practical experi- 

ence in Coal Mining and the manufacture of Coke 
preferred. Address A., care “SCIENCE.” 


HEMIST.—A Harvard Graduate and Specialist in 
Chemistry desires a position with some manu- 
facturing industry, or with a practical chemist. He 
would make an engagement to take charge of a lab- 
oratory and lecture on Chemistry. e has had 
large experience in the laboratory and school-room, 
and can give the best of references. Address J., 
Harvard College, Cambridge, Mass. 


ANTED.—A Lady Teacher, at present teachin 

in England, with 12 years of very successfu 
experience in primary work, desires a similar posi- 
tion in America. An eppomument in the State of 
Ohio, or the City of New York, pretered: Excellent 
references, etc. Address in July or August, L. DUN- 
CAN, Poste Restante, Stainland, Halifax, England. 
ein a eel 


Exchanges. 


[Free of charge to all, if ofsatisfactory character. 
Address N. D. C. Hodges, 47 Lafayette Place, New 
York.] 


For exchange—minerals and fossils, including ores, 
corals, Mazon Creek nodules for other minerals and 
fossils or historical relics. Tertiary specimens desirable. 
Address T. N. Glover, Lock Box 19, Suffern, N. Y 


I wish to exchange Riley’s Missouri Reports. either 
singly or full set, for Proceedings Entomological Society, 
Philadelphia, vols. 2 to 6 inclusive. Will also exchange 
Casey’s Revision of the Stextxt of N. A. and Horn’s 
Revision of the Zenebrionitdae. F. M. Webster, La 
Fayette, Ind. 


I wish to exchange a fresh and complete set of Weiss 
and Spier’s ‘‘ Necropolis of Ancon” for other books, 
either new or second-hand, if the latter are in good con- 
dition. What have you to offer? Address Warren Wat- 
son, Kansas City, Mo. 

1,000 botanical specimens representing 250 genera in 
exchange for those not in my apllection. Send list of 
duplicates, and receive a similar one to choose from. 
Address E. E. Bogue, Orwell, Ashta C»., Ohio. 


For exchange—14 volumes (1883-1889) American Jour- 
nal of Science, 10 volumes (1880-1889) American Natu- 
ralist, 2t volumes (1879-190) English Mechanic, all in 
good condition for binding; also, Morris Typewriter. 
Wants first-class microscope, camera, chemical or physi- 
cal apparatus. Address, with full particulars, E. R. 
Chadbourn, Lewiston, Maine. 


Meteorites.—Mr. George F. Kunz, 11 to 15 Unicon 
Square, New York, or Hoboken, N. J., will buy or give 
in exchange for whole or parts of meteorites. Whole 
ones, undescribed ones, and entire falls especially de- 
sired, 


Wanted—To furnish roots of Dodecatheon Meadia, 
Sarracenia purpurea, and other wild flowers, native of 
Southern Wisconsin, in quantities. D. E. Willard, Cu- 
! rator of Museum, Albion Academy, Albion, Wis. 
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